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23
In this study, we applied a central composite design to estimate independent variables and 24 establish optimal conditions of filtration rate and feces production that enhance filtration of 25 suspended organic matter by the freshwater mussels Sinanodonta woodiana. The results
26
indicated that statistical design methodology offers an efficient and feasible approach for high 27 filtration and low feces production condition optimization. The proposed model equation which verified the practicability of this optimum strategy.
Introduction
38
Bivalve mollusks often comprise the highest biomass in the benthos of freshwater and marine 39 ecosystems (Newell et al. 2004) . Their filter-feeding activity removes phytoplankton and 40 other suspended matter from the water column, both through ingestion and sedimentation of 41 particles in feces and pseudofeces (PF). The ecosystem engineering achieved through bivalve 42 filtration can result in improved light penetration within the water, thus, facilitating the 43 growth of bottom-rooting macrophytes, which in turn can provide habitats for other biota 44 (Fanslow et al. 1995; Davenport et al. 2000) . Indeed, studies in freshwater systems have 45 shown that greater biological richness is associated with greater abundances of unionid 46 mussels, both between different river systems (Aldridge et al. 2007 ) and even within the same lake (Chowdhury et al. 2016) .
48
The potential for harnessing the filtration capacity of freshwater bivalves as biofilters has 49 been recognized with regards to the treatment of drinking water (Lammens et al. 2004; 50 McLaughlan & Aldridge 2013). In The Netherlands, introduced zebra mussels (Dreissena 51 polymorpha) were found to stabilize a phosphorus-enriched lake with clear water (Secchi 52 depth > 1 m) for long periods (Ibelings et al. 2007 ). Zebra mussels have been reported to 53 filter a wide range of plankton, from bacterioplankton to zooplankton, at a 
where V is the volume of the experimental reactor (L); M is the total AFDM of the mussels; T 97 and C are the concentrations of suspended solids in water passed through the reactor with and 98 without mussels, respectively; and t (hours) is the duration of the experiment.
99
The production of feces and pseudofeces by mussels was measured simultaneously by 100 collecting sediments from mussels at 3-day intervals for 9 days. The sedimented particulate 101 matter was harvested in treated baths and placed in sterilized dishes, and the weight of the 102 pellet after drying at 70 o C for 1 h was measured. The pseudofeces production of mussels was 103 calculated by the difference in the dry weights (mg/g AFDM/h) of the sedimented particulate 104 matter in the reactor treatments with and without mussels as follows:
where V is the volume of the experimental chamber (L); M is the total AFDM of the mussels;
107
T and C are the total dry weights of the sedimented particulate matter in the reactor with and 108 without mussels, respectively; and t is the duration of the experiment (hours). Water flow in 109 the chamber was adjusted to 24 L/h and 48 L/h using a water pump.
111
2.3 Experimental design and the modeling of filtration by mussels 112 The experimental design for modeling of mussel filtration condition related to body size 113 aimed to determine the optimal levels of three variables, namely, mussel size (x1), 114 experimental time (x2), and water flow (x3) on filtration rates and production of feces. Each 115 factor in the design was studied at three variable (Table 1) where Y is the predicted response; β0 is the intercept; β1, β2, and β3 are linear coefficients; β11, 127 β22, and β33 are squared coefficients; and β12, β13, and β23 are interaction coefficients. Data 128 were analyzed using the Minitab statistical software package (Minitab Release 14.12.1,
Results and Discussion
Optimization by response surface methodology
143
The results of CCD experiments for studying the effects of the three independent variables 144 (mussel size, water flow rate, and retention time) on S. woodiana filtration rate is shown in 
161
The maximum filtration rate of mussels under these conditions was predicted to be 8.4
162 L/mussel/h, corresponding to maximum levels (+1) of mussel size (13.0 ± 0.2 cm) and water 163 flow (17.5 L/h; Fig. 1) . However, the curve also indicates that the response varies in response 164 to the velocity of water flow. With an increase in water flow (greater than 30 L/h) and a 165 decrease in retention time, the production of feces by mussels further increased to 11.1 g 166 AFDM/ind./h (Fig. 2) . However, the response surface curves did not show curvature. Instead 167 they were flattened, with mussel size having relatively little effect, but with greater feces 168 production under conditions of greater flow (Fig. 2) . Figure 3 indicates that a greater amount 169 of feces was produced at a higher flow rate, but that mussel size had little effect on feces 170 production. These results are relatively consistent with the estimates of the filtration rate and rate, but in mussels with a limited range of size and density, the filtration rate would further 187 increase with increasing water temperature. We consider that a multifactorial analytical 
